Phosphorylation enhances inactivation of N-type calcium channel current in bullfrog sympathetic neurons.
We have investigated the effects of phosphatase and protein kinase inhibitors on calcium channel currents of bullfrog sympathetic neurons using the whole cell configuration of the patch clamp technique. Intracellular dialysis with the phosphatase inhibitors okadaic acid and calyculin A markedly enhanced the decline of inward current during a depolarizing voltage step. Tail current analysis demonstrated that this was genuine inactivation of calcium channel current, not activation of an outward current. The rapidly inactivating current is N-type calcium current (blocked by omega-conotoxin and resistant to nifedipine). Staurosporine, a nonselective protein kinase inhibitor, prevented the action of okadaic acid, suggesting that protein phosphorylation is involved. Under control conditions, the time course of inactivation could be described by the sum of two exponentials (tau = 150 ms and 1200 ms), plus a constant (apparently noninactivating) component, during depolarizations lasting 2 s. Okadaic acid induced a rapid inactivation process (tau = 15 ms) that was absent or negligible under control conditions, without obvious effect on the two slower time constants. As in control cells, inactivation in okadaic-acid-treated cells was strongest near -20 mV, with less inactivation at more positive voltages. However, inactivation did not depend on calcium influx. Modulation of calcium channel activity by phosphorylation may underly the spontaneous shift between inactivating and noninactivating modes recently observed for N-type calcium channels. Differences in basal phosphorylation levels could also explain why N-type calcium channels, originally described as rapidly and completely inactivating, inactivate slowly and incompletely in many neurons.